Two new ent-kaurane diterpene glycosides, ranunculosides A (1) and B (2), and a new benzophenone, ranunculone C (3), were isolated from the aerial part of Ranunculus muricatus Linn. The chemical structures of compounds 1-3 were established to be (2S)-ent-kauran-2β-ol-15-en-14-O-β-D-glucopyranoside, (2S,4S)-ent-kauran-2β,18-diol-15-en-14-O-β-D-glucopyranoside, and (R)-3-[2-(3,4-dihydroxybenzoyl)-4,5-dihydroxy-phenyl]-2-hydroxylpropanoic acid, respectively, by spectroscopic data and chemical methods. The absolute configuration of 1 was determined by the combinational application of RP-HPLC analysis and Mosher's method.
Introduction
Ranunculus muricatus Linn. (Ranunculaceae) is widely distributed in Asia, South America, Australia, and Europe. This plant mainly grows in the lower Yangtze River regions of China. It is used in folklore medicines in India for the therapy of tonsillitis diseases [1] . Although there is little documentation for folk and clinical use of the titled plant in China, other Ranunculus plants such as R. sceleratus Linn., R. japonicus Thunb., and R. termatus Thunb. have diverse clinical uses with a long history in traditional Chinese medicines and folk medicines, including those used for the treatment of lymphatic tuberculosis, malaria, swollen hemorrhoids, scrofula, and arthritis [2] [3] [4] . A series of simple lactone derivatives with 5-or 6-member rings, some steroids, and phenols was found in these plants, some of which indicated various biological activities, and they are responsible for their traditional or folk uses and clinical efficacies [5, 6] . Our interest is in finding out the chemical characteristics and biological activities of the widely distributed plant R. muricatus. Wang et al.'s research led to the isolation and identification of eight known constituents from this plant, which are stigmasta-4-ene-3,6-dione, stigmasterol, anemonin, sitosterol, protocatechuic aldehyde, protocatechuic acid, and luteoin, and most of which belong to common compounds in plants [7] . Our previous study has revealed the presence of rich flavonoid glycosides in the plant [8] . Now, our further phytochemical investigation on the ethanolic extract from the aerial part of R. muricatus Linn. led to the isolation and identification of three new compounds (Figure 1 ), ranunculoside A (1), ranunculoside B (2) , and ranunculone C (3) . It is notable that ranunculosides A (1) and B (2) are the first two ent-kaurane diterpenoids from the genus plants and are present in glycoside. Herein we describe the isolation and structure elucidation of these compounds through spectroscopic analysis and chemical methods. 
Results and Discussion
The ethanolic extract from the aerial part of R. muricatus Linn. was successively partitioned in an H2O suspension solution with petroleum ether, EtOAc, and n-BuOH, then applied to various column chromatography with silica gel, Octadecylsilyl (ODS), and Sephadex LH20, following by preparative reversed phase HPLC purification to yield compounds 1-3.
Compound 1 was obtained as an amorphous solid. Its HR-ESI-MS in positive ion mode showed a pseudomolecular ion peak at m/z 489.28287 [M + Na] + , suggesting its molecular formula as C26H42O7. In the 1 H-NMR spectrum of 1 (Table 1) , there were the signals at δH 0.83 (s, 3H), 0.86 (s, 3H), 0.87 (s, 3H), and 1.66 (d, J = 1.3 Hz, 3H) for four methyl groups. The 1 H-NMR spectrum displayed signals for the protons of a sugar moiety including a β-oriented anomeric proton signal at δH 4.88 (d, J = 7.8 Hz, 1H), and two other oxygenated methine protons at δH 4.12 (m, 1H) and 3.78 (br s, 1H) in the range of δH 3.90-5.00. In addition, there was an olefinic proton signal that appeared at δH 5.34 (br s, 1H). The 13 C-NMR spectrum of 1 (Table 2 ) displayed 26 resonances, including six resonances ascribable to a sugar unit. The distortionless enhancement by polarization transfer (DEPT) experiment revealed that the 26 carbons were comprised of four methyls, seven methylenes, eleven methines, and four quaternary carbons, including a pair of cyclic olefinic carbons at δC 127.3 and 138.1. The heteronuclear multiple-bond coherence (HMBC) spectrum showed the correlations of protons at δH 5.34 (br s, H-C(15)) with carbons at δC 52. 8 (s, C(8) )/48. 8 (d, C(13) )/97. 7 (d, C(14) )/138.1 (s, C(16)), and protons at δH 3.78 (br s, H-C(14) ) with carbons at δC 32.7 (t, C (7))/53. 3 (d, C(9) )/127. 3 (d, C(15) ), suggesting that the olefinic group was located between C(15) and C(16). The OH group at the C(2) position was evident from the correlations between the proton at δH 4.12 (m, ) and protons at δH (2.20/1.02) (m, CH2(1))/(2.03/1.43) (m, CH2(3)) in the 1 H, 1 H-COSY spectrum of 1 (Figure 2) . The above data suggested that the aglycone of 1 may be a diterpene (Figure 1) . Meanwhile, the correlations of protons at δH 0.86 (s, Me(18) ) with carbons at δC 52.3 (t, C(3))/35.2 (s, C(4))/55.1 (d, C(5))/23.4 (q, C(19)), and protons at δ(H) 0.83 (s, Me(20) ) with carbons at δC 49.8 (q, C(1))/55.1 (d, C (5))/53.3 (d, C(9))/39.4 (s, C(10)) were observed in the HMBC spectrum, suggesting that the diterpene has an ent-kaurane-type skeleton, which was further confirmed to have connections with CH2(1)/H-C(2)/CH2(3), H-C(5)/CH2(6)/CH2 (7), and H-C(9)/CH2(11)/CH2(12)/H-C(13)/H-C(14) spin-coupling systems (Figure 2) by the 1 H, 1 H-COSY. In the ROESY spectrum of 1, the explicit nuclear Overhauser effects (NOE) correlations (Figure 3 ) of protons at δH 4.12 (m, Hα-C(2)) with protons at δH 0.86 (s, Me(19))/0.83 (s, Me(20) ) determined the OH group at C(2) to be in β-orientation. Similarly, the NOEs of protons at δH 3.78 (br s, H-C (14) ) with protons at δH 0.97 (m, Hβ-C(9))/4.88 (d, J = 7.8 Hz, Hβ-C(1′))/2.72 (br s, Hβ-C(13)) suggested H-C(14) to be β-orientational. Furthermore, the NOEs described in Figure 3 offered full relative stereochemical information of the diterpene skeleton. The sugar moiety was identified as D-glucopyranose by its 1 H and 13 C data and the HPLC analysis of the sugar derivative after the acid hydrolysis of 1 and the successive chemical derivatization of monosaccharide. The connection of the sugar group at C (14) was established by the HMBC correlation between protons at δH 4.88 (d, J = 7.8 Hz, H-C(1′)) and carbons at δC 97.7 (d, C (14)), and the comparison with the NMR data of pterokaurane M2, a very 
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Comparison of the NMR data of 2 with those of 1 indicated that they were a pair of compounds extremely analogous in structure. The mere difference was that the methyl group (Me(18)) in 1 was replaced by a hydroxymethyl group in 2, because the hydroxymethyl signals at δ H 3.43/3.64 (dd, J = 10.5 Hz, 1H each) and δ C 71.9 (t) were observed in the 1 H-and 13 C-NMR spectra of 2. The complete structure of 2 was confirmed by HMBC and NOE correlations, which were similar to those of 1 (Figures 2 and 3) . The acid hydrolysis of 2 under the same conditions mentioned in 1 also afforded the same sugar, D-glucose, which was also determined by the comparative HPLC analysis of the sugar derivative with that of standard sugars. Based on the consideration of the same biogeneric pathway, the absolute configurations of all the chiral centers except C-4 in the aglycone part of 2 should be identical to those of 1. The absolute configuration of the newly present chiral carbon C(4) due to the hydroxyl substitution was determined by careful analysis of its NOESY. Therefore, compound 2 was determined to be (2S,4S)-ent-kauran-2β,18-diol-15-en-14-O-β-D-glucopyranoside, which was named ranunculoside B.
Compound 3 showed a sodiated molecular ion peak at m/z 357.05848 ([M + Na] + ) in HR-ESI-MS, corresponding to the molecular formula C 16 H 14 O 8 . The 13 C-NMR spectrum displayed 16 carbon signals, ascribable to two aromatic rings at δ C 115-155 (Table 3) , one carbonyl at δ C 199.3, a carboxyl carbon at δ C 177.5, an oxygenated methine at δ C 73.2, and a methylene at δ C 38.0. The 1 H-NMR spectrum (Table 3 ) of 3 displayed a AA 1 X spin system with protons at δ H 2.92 (dd, J = 13.8, 8.0 Hz, 1H), 3.12 (dd, J = 13.7, 3.8 Hz, 1H) , and 4.28 (dd, J = 7.8, 3.9 Hz, 1H), which was verified by 1 H, 1 H-COSY, and five aromatic protons. An ABX-type aromatic proton spin system at δ H 7.30 (d, J = 1.8 Hz, H-C(2"), 1H), 7.20 (dd, J = 8.3, 1.8 Hz, H-C(6"), 1H), and 6.83 (d, J = 8.3 Hz, H-C(5"), 1H) was assigned to one tri-substituted benzene ring. Additionally, the other two aromatic protons at δ H 6.81 (br s, H-C(3 1 ), 1H) and 6.88 (br s, H-C(6 1 ), 1H) belonged to the second tetra-substituted benzene ring. The methylene at δ H 2.92/3.12 and C(3) (t, δ C 38.0) was directly connected to oxygenated methine at δ H 4.28/(d, δ C 73.2, C(2)), a chiral center. The HMBC correlations between protons at δ H 2.92/3.12 (CH 2 (3) ) and carbon at δ C 177.5 (s, C(1)) suggested that 3 had a 2-hydroxypropanoic acid group. The correlations of protons at δ H 2.92/3.12 (CH 2 (3)) with carbons at δ C 177.5 (C(1))/131.6 (s, C(2 1 ))/119.3 (d, C(6 1 )) suggested that the 2-hydroxypropanoic acid group connected to the aromatic ring have an AB-type spin system. The key correlations of carbon at δ C 199.3 (s, C=O) with protons at δ H 6.81 (s, H-C(3 1 ))/7.30 (s, H-C(2"))/7.20 (s, H-C(6")) in the HMBC spectrum of 3 ( Figure 5 ) implied its skeleton of diphenylketone. Importantly, other correlations ( Figure 5 ) of H-C(2) with C(1 1 ), H-C(6 1 ) with C(2 1 ), and H-C(5") with C(1") also confirmed the above conclusion. Structurally, compound 3 was nearly identical to the reported compound ethyl (S) -3-[2-(3,4-dihydroxybenzoyl)-4,5 -dihydroxyphenyl]-2-hydroxypropanoate except for the ethanolic esterification at its C(1) in the latter, which had a negative specific rotation and S absolute configuration [11] . Noticeably, the specific rotation of 3 is positive, opposite to the reported one above, but consistent with the compound salvianic acid A [12] with R absolute configuration. Therefore, the only chiral center (d, C(2)) in 3 was discriminated as R. According to all the above evidence, compound 3 was identified to be (R) -3-[2-(3,4-dihydroxybenzoyl Comparison of the NMR data of 2 with those of 1 indicated that they were a pair of compounds extremely analogous in structure. The mere difference was that the methyl group (Me(18)) in 1 was replaced by a hydroxymethyl group in 2, because the hydroxymethyl signals at δH 3.43/3.64 (dd, J = 10.5 Hz, 1H each) and δC 71.9 (t) were observed in the 1 H-and 13 C-NMR spectra of 2. The complete structure of 2 was confirmed by HMBC and NOE correlations, which were similar to those of 1 (Figures 2 and 3) . The acid hydrolysis of 2 under the same conditions mentioned in 1 also afforded the same sugar, D-glucose, which was also determined by the comparative HPLC analysis of the sugar derivative with that of standard sugars. Based on the consideration of the same biogeneric pathway, the absolute configurations of all the chiral centers except C-4 in the aglycone part of 2 should be identical to those of 1. The absolute configuration of the newly present chiral carbon C(4) due to the hydroxyl substitution was determined by careful analysis of its NOESY. Therefore, compound 2 was determined to be (2S,4S)-ent-kauran-2β,18-diol-15-en-14-O-β-D-glucopyranoside, which was named ranunculoside B.
Compound 3 showed a sodiated molecular ion peak at m/z 357.05848 ([M + Na] + ) in HR-ESI-MS, corresponding to the molecular formula C16H14O8. The 13 C-NMR spectrum displayed 16 carbon signals, ascribable to two aromatic rings at δC 115-155 (Table 3) , one carbonyl at δC 199.3, a carboxyl carbon at δC 177.5, an oxygenated methine at δC 73.2, and a methylene at δC 38.0. The 1 H-NMR spectrum (Table 3 ) of 3 displayed a AA′X spin system with protons at δH 2.92 (dd, J = 13.8, 8.0 Hz, 1H), 3.12 (dd, J = 13.7, 3.8 Hz, 1H) , and 4.28 (dd, J = 7.8, 3.9 Hz, 1H), which was verified by 1 H, 1 H-COSY, and five aromatic protons. An ABX-type aromatic proton spin system at δH 7.30 (d, J = 1.8 Hz, H-C(2″), 1H), 7.20 (dd, J = 8.3, 1.8 Hz, H-C(6″), 1H), and 6.83 (d, J = 8.3 Hz, H-C(5″), 1H) was assigned to one tri-substituted benzene ring. Additionally, the other two aromatic protons at δH 6.81 (br s, H-C(3′), 1H) and 6.88 (br s, H-C(6′), 1H) belonged to the second tetra-substituted benzene ring. The methylene at δH 2.92/3.12 and C(3) (t, δC 38.0) was directly connected to oxygenated methine at δH 4.28/(d, δC 73.2, C(2)), a chiral center. The HMBC correlations between protons at δH 2.92/3.12 (CH2(3)) and carbon at δC 177.5 (s, C(1)) suggested that 3 had a 2-hydroxypropanoic acid group. The correlations of protons at δH 2.92/3.12 (CH2(3)) with carbons at δC 177.5 (C(1))/131.6 (s, C(2′))/119.3 (d, C(6′)) suggested that the 2-hydroxypropanoic acid group connected to the aromatic ring have an AB-type spin system. The key correlations of carbon at δC 199.3 (s, C=O) with protons at δH 6.81 (s, H-C(3′))/7.30 (s, H-C(2″))/7.20 (s, H-C(6″)) in the HMBC spectrum of 3 ( Figure 5 ) implied its skeleton of diphenylketone. Importantly, other correlations ( Figure 5 ) of H-C(2) with C(1′), H-C(6′) with C(2′), and H-C(5″) with C(1″) also confirmed the above conclusion. Structurally, compound 3 was nearly identical to the reported compound ethyl (S)-3-[2-(3,4-dihydroxybenzoyl)-4,5-dihydroxyphenyl]-2-hydroxypropanoate except for the ethanolic esterification at its C(1) in the latter, which had a negative specific rotation and S absolute configuration [11] . Noticeably, the specific rotation of 3 is positive, opposite to the reported one above, but consistent with the compound salvianic acid A [12] with R absolute configuration. Therefore, the only chiral center (d, C(2)) in 3 was discriminated as R. According to all the above evidence, compound 3 was identified to be (R) -3-[2-(3,4-dihydroxybenzoyl 
